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INTEGRATED MEMBRANE ELECTRODE 
ASSEMBLY AND METHOD RELATED 

THERETO 

FIELD OF TECHNOLOGY 

Embodiments of the invention relate to an integrated mem 
brane electrode assembly for use in a fuel cell or battery. 
Speci?cally, embodiments relate to an integrated membrane 
electrode assembly for use in a rechargeable fuel cell or 
metal/ air battery. 

BACKGROUND 

A fuel cell may convert the chemical energy of a fuel 
directly into electricity Without any intermediate thermal or 
mechanical processes. Energy may be released When a fuel 
reacts chemically With oxygen in the air. A fuel cell may 
convert hydrogen and oxygen into Water. The conversion 
reaction occurs electrochemically and the energy may be 
released as a combination of electrical energy and heat. The 
electrical energy can do useful Work directly, While the heat 
may be dispersed. 

Fuel cell vehicles may operate on hydrogen stored onboard 
the vehicles, and may produce little or no conventional unde 
sirable by-products. Neither conventional pollutants nor 
green house gases may be emitted. The byproducts may 
include Water and heat. Systems that rely on a reformer on 
board to convert a liquid fuel to hydrogen produce small 
amounts of emissions, depending on the choice of fuel. Fuel 
cells may not require recharging, as an empty fuel canister 
could be replaced With a neW, full fuel canister. 

Metal/air batteries may be compact and relatively inexpen 
sive. Metal/air cells include a cathode that uses oxygen as an 
oxidant and a solid fuel anode. The metal/ air cells differ from 
fuel cells in that the anode may be consumed during opera 
tion. Metal/air batteries may be anode-limited cells having a 
high energy density. Metal/air batteries have been used in 
hearing aids and in marine applications, for example. 

It may be desirable to have a fuel cell and/or a metal/air 
battery having differing characteristics or properties than 
those currently available. 

BRIEF DESCRIPTION 

Embodiments of the invention may relate to an electrode 
assembly for use in a galvanic cell. The galvanic cell, such as 
a fuel cell or battery, includes a ?rst electrode, a gel polymer 
adhesive electrolyte in contact With the ?rst electrode, a sepa 
rator coupled betWeen the gel polymer adhesive electrolyte 
and a polymer tri-phase electrolyte, and a second electrode in 
contact With the polymer tri-phase electrolyte. Embodiments 
also relate to methods of making an electrode assembly for 
use in a galvanic cell. 

A method embodiment may include coating a ?rst elec 
trode With a layer of polymer tri-phase electrolyte su?icient to 
provide a ?rst coated electrode, contacting the ?rst coated 
electrode With a membrane su?icient to provide a coated 
electrode-membrane structure, coating a second electrode 
With a layer of gel polymer adhesive electrolyte su?icient to 
provide a second coated electrode, and assembling the coated 
electrode-membrane structure With the second coated elec 
trode su?icient to provide an electrode assembly in Which the 
membrane separates the gel polymer adhesive electrolyte and 
polymer tri-phase electrolyte layers. 
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2 
DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention may be understood by refer 
ring to the folloWing description and accompanying draWings 
that illustrate such embodiments. In the draWings: 

FIG. 1 illustrates a perspective vieW depicting an electrode 
assembly, according to some embodiments of the invention. 

FIG. 2 illustrates a perspective depicting a process of mak 
ing an electrode assembly, according to some embodiments 
of the invention. 

FIG. 3 illustrates a How diagram depicting a process of 
making an electrode assembly, according to some embodi 
ments of the invention. 

FIG. 4 illustrates a graphical vieW depicting open circuit 
voltage (OCV) as a function of time immediately after charg 
ing a single cell With or Without the electrode assembly, 
according to some embodiments of the invention. 

FIG. 5 illustrates a graphical vieW depicting the open cir 
cuit voltage (OCV) variation over time, according to some 
embodiments of the invention. 

FIG. 6 illustrates a graphical vieW depicting the discharge 
performance for a single cell With or Without the electrode 
assembly, according to some embodiments of the invention. 

DETAILED DESCRIPTION 

Embodiments of the invention relate to an integrated mem 
brane electrode assembly for use in a fuel cell or battery. 
Speci?cally, embodiments relate to an integrated membrane 
electrode assembly for use in a rechargeable fuel cell or 
metal/ air battery. 

References in the speci?cation to “one embodiment,” “an 
embodiment,” “an example embodiment,” indicate that the 
embodiment described may include a particular feature, 
structure, or characteristic, but every embodiment may not 
necessarily include the particular feature, structure, or char 
acteristic. Moreover, such phrases are not necessarily refer 
ring to the same embodiment. Further, When a particular 
feature, structure, or characteristic is described in connection 
With an embodiment, it is submitted that it is Within the 
knowledge of one skilled in the art to affect such feature, 
structure, or characteristic in connection With other embodi 
ments Whether or not explicitly described. The embodiments 
of the present invention relate to an integrated membrane 
electrode assembly for use in a fuel cell or battery. 
One embodiment of the invention, illustrated in FIG. 1, 

includes an integrated membrane electrode assembly (MEA) 
for use in a galvanic cell, such as a fuel cell or battery. The 
integrated MEA assembly may include differing layers. In the 
illustrated embodiment, there are ?ve layers. The layers 
include ?rst electrode 1, gel polymer adhesive layer 3, mem 
brane 5, polymer tri-phase electrolyte layer 7, and second 
electrode 9. 
The ?rst electrode 1 may be coated With, in contact With, or 

in electrical communication With, the gel polymer adhesive 
layer 3. The membrane 5 may function as a separator betWeen 
the gel polymer adhesive layer 3 and a polymer tri-phase 
electrolyte layer 7. The polymer tri-phase electrolyte layer 7 
may be coated With, in contact With, or in electrical commu 
nication With, the second electrode 9. Optional current col 
lectors 11 may be placed on either side of the integrated MEA. 
Suitable current collectors may include bi-polar plates. The 
complete assembly may be a fuel cell or a battery. 

Such an integrated MEA may reduce contact resistance 
betWeen the electrodes 1, 9 and the membrane separator 5. 
Further, electrolyte may be retained. Such electrolyte reten 
tion may increase duration of use time. 
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Generally, the integrated MEA embodiments described 
herein may enhance electrical and mechanically contact and 
communication of a membrane separator relative to one or 
more of the electrodes in a fuel cell or battery. A relatively 
reduced surface roughness of one or more of the electrodes 
and the separator may loWer contact resistance. The provision 
of a platform and interface for the electrochemical reactions 
to occur may reduce reaction resistance. Thus, the internal 
resistance may be desirably loW. A loW internal resistance 
may increase electrical dischargeability. In addition, the pres 
ence of a polymer electrolyte betWeen the electrodes and the 
separator may retain the electrolyte betWeen the electrodes 
and separator. The cell Would be replenished With electrolyte 
and maintain open circuit voltage (OCV). Further, eliminat 
ing a bare pressing of the electrodes and separator may reduce 
a tendency to break the separator. Such a break may cause 
electrical shorting. 

The gel polymer adhesive electrolyte layer 3 located 
betWeen the ?rst electrode 1 and the membrane separator 5 
may be Water-soluble, may be conductive to ions, or may be 
both. Suitable ion conductivity may include hydroxide ion 
conductivity. The gel polymer adhesive electrolyte can 
absorb and retain Water/ electrolyte While alloWing hydroxide 
ions to move therethrough. Therefore, When coupling the ?rst 
electrode 1 and membrane separator 5 together With this type 
of gel polymer adhesive electrolyte layer 3 in betWeen, the 
highly ion-conductive polymer may reduce the contact resis 
tance, relative to a rougher surface. The gel polymer adhesive 
electrolyte layer 3 may absorb electrolyte ions and retain the 
ions during the operation. The control over the ion migration 
may reduce or prevent electrolyte starvation. 

In addition, the gel polymer adhesive electrolyte layer 3 
may supply a platform for the electrochemical reaction. The 
presence of a reaction platform may reduce reaction resis 
tance. Such a reaction may be exempli?ed as: 

The polymer tri-phase electrolyte layer 7 betWeen the sec 
ond electrode 9 and membrane separator 5 may be relative 
hydrophobic. Hydrophobic means that there is a tendency to 
repel polar ?uid, and a reduced tendency to Wet out such a 
surface. It Will form a 3-phase (solid, liquid, gas) interface 
betWeen the second electrode 9 and separator 5, Which is 
required for the oxygen reduction/ evolution reaction: 

In addition, the hydrophobic nature of the polymer tri-phase 
electrolyte layer 7 prevents the ?ooding of the second elec 
trode 9. 

Overall, adoption of the MEA structure embodiments 
described herein signi?cantly reduces the internal resistance, 
thus increasing the discharge voltage, current and output 
poWer density. In addition, it can retain plenty of electrolyte 
and thus substantially improve the shelf life. 

The gel polymer adhesive electrolyte layer 3 may include, 
in one embodiment, a cellulosic material, such as carboxym 
ethyl cellulose (CMC). The carboxymethyl cellulose may be 
at least partially dissolved in a base solution. Other suitable 
materials for use in the gel polymer adhesive electrolyte layer 
3 may include one or more of polyethylene oxide (PEO), 
sodium polyacrylate, poly(N,N-dimethyl-2-diallyl-ammo 
nium hydroxide) (PDMDAA), glycerin, polyacrylic acid, or 
triethanol amine (TEA). 
A suitable base solution may be, for example, sodium 

hydroxide. About 1 gram of carboxymethyl cellulose may 
dissolve in about 100 ml of 2.5 molar (M) sodium hydroxide 
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4 
at about 50 degrees Celsius. Other suitable base solutions 
used to prepare the gel polymer adhesive electrolyte layer 3 
may include one or more of potassium hydroxide, cesium 
hydroxide, lithium hydroxide, calcium hydroxide or ammo 
nium hydroxide. The concentration of the base may be in a 
range of from about 1 M to about 2 M, from about 2 M to 
about 3 M, from about 3 M to about 4 M, from about 4 M to 
about 5 M, or from about 5 M to about 6 M. In one embodi 
ment, the concentration may be in a range of from about 2.2 
M and 2.9 M. The temperature used to dissolve the polymer in 
the base solution may be in a range of from about 30 degrees 
Celsius to about 40 degrees Celsius, from about 40 degrees 
Celsius to about 50 degrees Celsius, from about 50 degrees 
Celsius to about 60 degrees Celsius, from about 60 degrees 
Celsius to about 70 degrees Celsius, from about 70 degrees 
Celsius to about 80 degrees Celsius, or from about 80 degrees 
Celsius to about 90 degrees Celsius. In one embodiment, the 
temperature may be in the range of 45 degrees Celsius and 55 
degrees Celsius. 
The polymer tri-phase electrolyte layer 7 may include 

polymer, such as halogenated ole?n latex. A suitable haloge 
nated ole?n may include, for example, polytetra?uoroethyl 
ene (PTFE) latex mixed With a polar ?uid, such as Water. In 
one embodiment, the polymer tri-phase electrolyte layer 7 
may include 2 parts of 60 Weight percent PTFE latex mixed 
With 18 parts of de-ioniZed (DI) Water. The mixture may be 
agitated to uniformly distribute. Other suitable polymers may 
include polyvinyl alcohol, PVDF, polyethylene, polypropy 
lene, halogenated derivatives, and the like. The amount of 
polymer may be in a range of from about 1 Weight percent to 
about 5 Weight percent, from about 5 Weight percent to about 
15 Weight percent, from about 15 Weight percent to about 25 
Weight percent, from about 25 Weight percent to about 35 
Weight percent, from about 35 Weight percent to about 45 
Weight percent, from about 45 Weight percent to about 60 
Weight percent, from about 60 Weight percent to about 75 
Weight percent, or greater than about 75 Weight percent. In 
one embodiment, the amount of polymer may be in a range of 
from about 55 Weight percent to about 60 Weight percent. In 
one embodiment, the polymer tri-phase electrolyte layer 7 
may consist essentially of polytetra?uoroethylene (PTFE) 
latex mixed With a polar ?uid. 
The membrane 5 may separate the electrolyte layers from 

each other. The separation may be one or more of spatial or 
electrical, and if electrical the separation may be a determined 
gradient level of insulation or resistance. The membrane 5 
may be an electrically insulating material having relatively 
high ion conductivity. The electrically insulating material 
may be inherently electrically insulative, ?lled With inher 
ently electrically insulative ?ller, or both. Further, the mem 
brane 5 may be relative stable in alkaline environments. 
Examples of suitable membrane materials may include ther 
moplastic materials such as nylon, polyethylene (PE), or 
polypropylene (PP); composites of PE and PP, inorganic 
materials such as asbestos; or thermoset plastics such as ?ex 
ible epoxies or silicones. The membrane may be mesh, mat, 
Woven, or non-Woven; or may be perforate or expanded. 

The ?rst electrode 1 may be an anode. An anode, or nega 
tive electrode, may be a readily oxidiZable substance. The 
term anode applies to the electrode Where oxidation takes 
place and in Where electrons are given up. An anode may 
include a hydrogen storage-based material. Suitable hydro 
gen storage-based materials may include a metal hydride. A 
suitable metal hydride may be LaNiS. Other suitable metal 
hydrides may include one or more ofAlH3, SiH4, LiH, BeH2, 
GaH3, or SbH3. The anode may be constructedusing an active 
material, such as the metal hydride, a binder and conductive 
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additives.A suitable binder may be a gel mixture of PTFE and 
carboxymethylcellulose (CMC). In one embodiment, the 
conductive additive may be carbonyl nickel poWder. 

The second electrode 9 may be a cathode. A cathode, or 
positive electrode, may be a readily reducible substance. The 
term cathode applies to the electrode Where reduction takes 
place and Where electrons are accepted. The cathode may 
comprise an air or gas electrode. Such electrodes may include 
a catalyst layer and gas diffusion layer. The catalyst layer may 
be made of a catalyst, active carbon and binder. The catalyst 
may be a metal catalyst, metal oxide catalyst or Perovskite 
catalyst. Suitable catalysts may include one or more of 
CaTiO3 or MgSiO3. The gas diffusion layer may comprise an 
active carbon and the binder. An example of a binder may be 
polytetra?uoroethylene (PTFE). 

The galvanic cell may be a fuel cell, such as a rechargeable 
fuel cell. The rechargeable fuel cell may include an alkaline 
fuel cell. The galvanic cell may be a battery, such as a metal/ 
air battery. The metal/ air battery may be a primary or second 
ary metal/ air battery. 
One embodiment of the invention, illustrated generally in 

FIGS. 2 and 3, may provide a process for making an inte 
grated membrane electrode assembly for use in a galvanic 
cell, such as a fuel cell or battery. Referring to FIG. 2, a 
perspective vieW illustrates an assembly of an integrated 
MEA, Which may or may not be sequential in layering. The 
embodiments illustrated in FIGS. 2 and 3 have many compo 
nents that are substantially the same as corresponding parts of 
the embodiment shoWn in FIG. 1. This is indicated by the use 
of the same reference numbers for such corresponding parts 
in the Pigs. 

The ?rst electrode 1 may be coated 13 or layered With a gel 
polymer adhesive electrolyte layer 3. A membrane 5 may next 
be contacted 15 on the gel polymer side of the assembly. The 
polymer tri-phase electrolyte layer 7 is assembled 17 on the 
opposite side of the membrane 5 as the gel polymer adhesive 
electrolyte layer 3. The second electrode 9 completes the 
MEA by contacting 19 the assembly next to the polymer 
tri-phase electrolyte layer 7 layer. Contacting and assembling 
refers to processes such as pressing, mechanically binding, or 
chemically binding layers together. 

Referring to FIG. 3, a How diagram illustrates a method of 
making an integrated membrane electrode assembly, accord 
ing to some embodiments of the invention. A ?rst electrode 37 
may be coated 39 With a layer of gel polymer adhesive elec 
trolyte to form a ?rst coated electrode 41. A second electrode 
21 may be coated 23 With a polymer tri-phase electrolyte to 
form a second coated electrode 25. The second coated elec 
trode 25 may be pressed 27 With a membrane to form a second 
coated electrode/membrane structure 29. The structure 29 
may be optionally pressed and dried 31 to form a more stable 
pressed and dried second coated electrode/membrane struc 
ture 33. 

The ?rst coated electrode 41 is assembled 35 With the 
pressed second electrode/membrane structure 33 to form an 
electrode assembly 43. The tWo sections are assembled so 
that the membrane separates the polymer tri-phase coated 
second electrode and the gel polymer adhesive coated ?rst 
electrode. The electrode assembly 43 may be pressed and 
dried 31 to form an integrated membrane electrode assembly 
45. The layers may be contacted or assembled by pressing 
using a press machine. The press pressure may be in the range 
of from about 1 megaPascal (MPa) to about 5 MPa, from 
about 5 MPa to about 15 MPa, or from about 15 MPa to about 
20 MPa. In one embodiment, the pressure may be in the range 
of from about 1.5 MPa to about 6 MPa. The temperature used 
to press and/or dry the layers of the assembly may be in the 
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6 
range of from about 30 degrees Celsius 100 degrees Celsius, 
from about 100 degrees Celsius to about 150 degrees Celsius, 
or from about 150 degrees Celsius to about 350 degrees 
Celsius. The time used to press the sections together may be 
in the range of from about 1 second to about 5 hours. The dry 
time used may be in the range of from about 5 minutes to 
about 10 minutes, from about 10 minutes to about 12 minutes, 
from about 12 minutes to about 18 minutes, or from about 1 
hour to about 24 hours. 

FIG. 4 shoWs the open circuit voltage (OCV) as the func 
tion of time immediately after charging for a single cell, 
according to some embodiments of the invention. An OCV 
may be compared as to With or Without the electrode assem 
bly. The single cell With the electrode assembly shoWs a much 
sloWer OCV decay. 

FIG. 5 shoWs the long term OCV variation, according to 
some embodiments of the invention. Because the single cell 
adopting the electrode assembly retains electrolyte for a 
longer time, the OCV may be retained for a longer time. In the 
single cell Without the electrode assembly, the single cell may 
become electrolyte starved relatively quickly, or there is seri 
ous electrical shorting and the cell may lose OCV relatively 
quickly. 

FIG. 6 shoWs the discharge performance for a single cell 
With or Without adopting the electrode assembly, according to 
some embodiments of the invention. The single cell Without 
the electrode assembly can only be discharged at 1 mA and 
the discharge voltage is very loW. For the single cell With the 
electrode assembly, the inside can be discharged at 10 milli 
Amp (mA), 30 mA, or 100 mA current and discharge voltage 
is relatively higher than that of single cell Without the elec 
trode assembly. The use of the electrode assembly may 
reduced the internal resistance and/or may improve one or 
more of the discharge current, discharge voltage, or output 
poWer density. 

The embodiments described herein are examples of com 
positions, structures, systems and methods having elements 
corresponding to the elements of the invention recited in the 
claims. This Written description may enable one of ordinary 
skill in the art to make and use embodiments having altema 
tive elements that likeWise correspond to the elements of the 
invention recited in the claims. The scope thus includes com 
positions, structures, systems and methods that do not differ 
from the literal language of the claims, and further includes 
other compositions, structures, systems and methods With 
insubstantial differences from the literal language of the 
claims. While only certain features and embodiments have 
been illustrated and described herein, many modi?cations 
and changes may occur to one of ordinary skill in the relevant 
art. The appended claims are intended to cover all such modi 
?cations and changes. 
What is claimed is: 
1. An electrode assembly, comprising: 
a ?rst electrode, the ?rst electrode comprising an anode, 

the anode comprising an active material, a binder, and at 
least one conductive additive, Wherein the active mate 
rial is a metal hydride; 

a gel polymer adhesive electrolyte layer, in contact With the 
?rst electrode; 

a polytetra?uoroethylene latex layer; 
a separator, coupled to the gel polymer adhesive electrolyte 

layer and to the polytetra?uoroethylene latex layer; and 
a second electrode, in contact With the polytetra?uoroeth 

ylene latex layer. 
2. The electrode assembly of claim 1, Wherein the metal 

hydride comprises one or more of AlH3, SiH4, LiH, BeH2, 
GaH3, or SbH3. 
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3. The electrode assembly of claim 1, Wherein the metal 
hydride comprises LaNiS. 

4. The electrode assembly of claim 1, Wherein the gel 
polymer adhesive electrolyte comprises a polymer at least 
partially dissolvable in a base solution, and the polymer is 
selected from the group consisting of carboxymethyl cellu 
lose, polyethylene oxide, sodium polyacrylate, poly(N,N 
dimethyl-2-diallyl-ammonium hydroxide), glycerin, poly 
acrylic acid, triethanol amine, and combinations of tWo or 
more thereof. 

5. The electrode assembly of claim 4, Wherein the base is 
selected from the group consisting of sodium hydroxide, 
potassium hydroxide, cesium hydroxide, lithium hydroxide, 
calcium hydroxide, ammonium hydroxide, and combinations 
of tWo or more thereof. 

6. The electrode assembly of claim 1, Wherein the separator 
is a non-Woven membrane. 

7. The electrode assembly of claim 1, Wherein the separator 
comprises one or more of polyethylene, polypropylene, 
asbestos, or nylon. 

8. The electrode assembly of claim 1, Wherein the second 
electrode comprises a cathode. 

9. The electrode assembly of claim 8, Wherein the cathode 
comprises an air/gas electrode With a catalyst layer and gas 
diffusion layer. 

10. The electrode assembly of claim 9, Wherein the catalyst 
layer comprises catalyst, active carbon and a halogenated 
ole?n binder. 

11. The electrode assembly of claim 10, Wherein the cata 
lyst is selected from the group comprising metal catalyst, 
metal oxide catalyst and a Perovskite catalyst. 

12. The electrode assembly of claim 9, Wherein the gas 
diffusion layer comprises active carbon and a halogenated 
ole?n binder. 
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13. The electrode assembly of claim 12, Wherein the binder 

comprises one or both of polytetra?uoroethylene or car 
boxymethylcellulose. 

14. A galvanic cell comprising the electrode assembly of 
claim 1, Wherein the galvanic cell is a metal/air battery. 

15. A galvanic cell comprising the electrode assembly of 
claim 1, and one or more current collectors that are in contact 
With at least one of the ?rst electrode or the second electrode. 

16. A method of making an electrode assembly for use in a 
galvanic cell, comprising: 

coating a ?rst electrode With a layer of gel polymer adhe 
sive electrolyte to provide a ?rst coated electrode, the 
?rst electrode comprising an anode, the anode compris 
ing an active material, a binder, and at least one conduc 
tive additive, Wherein the active material is a metal 
hydride; 

contacting the ?rst coated electrode With a separator to 
provide a coated electrode-membrane structure; 

coating a second electrode With a layer of polytetra?uoro 
ethylene latex to provide a second coated electrode; and 

assembling the coated electrode-membrane structure With 
the second coated electrode to provide an electrode 
assembly. 

17. The method of claim 16, Wherein assembling and con 
tacting each comprises pressing. 

18. The method of claim 17, Wherein pressing comprises 
contacting materials under an elevated pressure. 

19. The method of claim 16, Wherein coating comprises 
chemically layering or mechanically layering a material onto 
another material. 


